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ABSTRACT
Despite high expectations for the sector, most marine energy technologies remain in the research 
and development, or at best demonstration, phase. The industry is in a period of stagnation, and 
requires new approaches to overcome the challenges that inhibit widespread deployment. Small-
scale initiatives have proven to be a successful means of developing other renewable technologies 
but their role in supporting marine energy is not well researched. This paper provides a review of 
the barriers and opportunities presented by different policy landscapes, financial support 
mechanisms, markets, key actors, and wider regulatory and governance issues. Semi-structured 
interviews with marine energy stakeholders from the UK, Canada and Denmark were used to 
explore the role of small-scale marine energy projects, and were supplemented by interviews with 
the general public in England. This showed that while marine energy is appropriately scalable for 
local projects, financing remains a major hurdle. Discretionary local authority finance, as well as 
other novel options such as crowdfunding, tends to be relatively modest, supporting the argument 
for small-scale projects. A market for smaller devices exists, particularly for remote communities 
currently dependent on expensive energy from oil-fired generators. There remains a significant 
role for small-scale projects in testing the technology, contributing to reductions in cost and 
environmental risk. Current processes for environmental impact assessment can present a 
significant hurdle for small projects, but proportionate, adaptive assessments are evolving. 
Finally, community ownership and public participation have the potential to increase advocacy 
for the industry, with multi-actor partnerships presenting a positive way forward.
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1. Introduction
In 2018, the principal renewable energy source globally 
was hydro-power with a capacity of 1,132 GW, followed 
by wind and solar, which accounted for capacities of 591 
GW and 505 GW respectively [1]. Wave and tidal power 
technologies stand out with the lowest capacities (below 
bio-energy, geothermal and solar thermal), reaching 
only 532 MW [1]. The 2009 National Renewable Energy 
Action Plans by the EU member states, foresaw wave 
and tidal energy reaching  2.25 GW by 2020 and 100 
GW by 2050 [2]. There has been significant downward 
revision of these estimates recently, with Ocean Energy 
Europe [3], predicting a more modest capacity of 0.85 
GW by 2021. Nonetheless, ocean energy remains a main 
focus area of the European Commission’s Blue Growth 
Strategy [4], and for the planning of a transition towards 
sustainable, renewable energy-based energy systems, 
offshore is also seen as pivotal also in research [5–7]. 
One study suggests 2750 GW of offshore wind power in 
the European Union including the United Kingdom [8]. 
Numerous factors inhibit the widespread deployment 
of marine energy, however. These include technical chal-
lenges [9] and good resource assessments[10], but 
non-technical constraints are also significant. These relate 
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development and their varying governance arrangements, 
while Denmark provides a unique perspective on commu-
nity-based renewable energy initiatives more generally, 
particularly through the case of Samsø Island [23,24]. 
Individual participants were identified following determi-
nation of the appropriate agencies and stakeholders 
within each country and through the “snowball” effect of 
recommendations made by previous interviewees.
A total of 22 semi-structured interviews (face-to-face 
or by video conferencing or telephone) were conducted 
with technology and project developers, community 
energy groups, regulators and seabed leasing authorities, 
environmental agencies, statutory nature conservation 
bodies, local authorities, marine energy associations and 
academics. Predominantly, the interviewees had experi-
ence of multiple renewable energy sectors (including 
onshore), although four participants specialised particu-
larly in tidal energy and one in wave.
In addition, face-to-face interviews were carried out 
with 963 members of the public resident on the North 
Devon/Somerset coast of the Bristol Channel in south 
west England to determine their perspectives on owner-
ship of, and investment in, local tidal energy develop-
ments Interviews were part of a wider project that 
required respondents from very specific postcodes. For 
this reason, a market research company was hired to 
carry out the face-to-face interviews. Further details of 
the specific case study sites and questionnaire content 
are given in [25].
3. Results
In this section, the results from the conducted interviews 
are presented. The results are categorised in the subsec-
tions: technological development, national policy land-
scape, financial mechanisms and cost issues, wider 
regulatory and governance issues, key players and 
motives including role of local government, and public 
attitudes to ownership of, and investment in, local tidal 
schemes.
3.1. Technological development 
Interviewees did not perceive specific technological 
impediments to the development of small-scale devices, 
noting that the technologies are scalable and, as one 
developer stated “we see them as perfect for community 
scale.” The potential, and importance, of starting at the 
smaller scale was emphasised by technology developers 
and by an academic in Denmark who said; “with wind 
to rules, regulations, support mechanisms and deci-
sion-making processes, and include funding programmes, 
technology market establishment, infrastructure support, 
administrative and environmental issues, social engage-
ment and acceptance, ownership and legal aspects 
[1,2,11–16]. The issue of governance is central to these 
non-technical challenges [17], and the need to examine 
and implement governance changes, which would result 
in a more advantageous strategy able to accelerate marine 
energy deployment, has also been identified as a key pri-
ority by the European Commission [4].
As with energy infrastructure elsewhere, based on 
analyses using Scotland as a case, Wright concludes 
among others that “certainty and stability are crucial for 
supporting investment” [18] when seeing the develop-
ment in offshore energy from an industry perspective.
At present, the prevailing governance model for 
marine energy systems focuses on centralized large-
scale developments and has had only limited success in 
delivering viable projects. The marine energy sector has 
thus reached a stagnation point [2]. The efficiency of 
government- or business-driven developments in initiat-
ing new diversified energy routes have been called into 
question [19], and there is growing interest in the role of 
alternative governance models in achieving a transition 
to low-carbon societies [20,21]. Local initiatives have 
proven to be an alternative means of developing renew-
able energy strategies and enacting sustainability transi-
tions [19–21].
In the case of marine energy, limited academic 
research has been undertaken to investigate the bot-
tom-up approach from the perspective of crucial institu-
tional actors and their potential influence in the 
implementation of renewable energy systems [22]. 
Therefore, in this paper we seek to explore the key bar-
riers and opportunities for small-scale locally-focussed 
marine energy initiatives. The research examines the 
ways in which different countries within Europe manage 
these issues, to compare and contrast the enabling and 
obstructing features within each political context.
2. Method
A qualitative approach was taken using interviews with 
stakeholders from the United Kingdom (UK), Canada 
and Denmark to identify the challenges and opportunities 
for small-scale and community-led initiatives in the 
development of the marine energy sector. The UK and 
Canada were selected due to their progress in technology 
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they implemented hundred smaller devices, got all the 
learning and the development stage from that before 
going up to MW scale and multi-MW scale. That is what 
we’ve got to balance up in the tidal industry.” However, 
wider technological obstacles were identified, particu-
larly around grid capacity constraints and connection 
costs.
3.2. National policy landscape
The term ‘national’ is applied broadly, as in the UK 
aspects of energy regulation have been devolved to the 
administrations in Scotland and Wales, and Canada also 
has a decentralized approach. However, the nation-
al-level policy landscape continues to be important in 
Canada, and the shift to a Liberal government in 2015 
was considered by interviewees to have favoured marine 
energy deployment. The national government has imple-
mented clean energy initiatives to support technology 
development and demonstration, aiming to accelerate 
the commercialisation of marine technologies. An inter-
viewee stated that “the federal government had played 
an umbrella role providing the funding and helping to 
de-risk aspects of the sector”. However, concrete out-
comes of this positive national policy arena have been 
limited: one interviewee commented “we are at the 
point now where this is kind of hopeful…but hasn’t made 
its way yet”. Elsewhere, national governments are per-
ceived to be failing to support marine energy. An inter-
viewee from Scotland noted that “the support needs to 
be from the centre, rock solid and long-term”, and in 
Denmark “the wider policy does not favour marine 
energy at all at the current stage”.
3.3. Financial mechanisms and cost issues
The national policy landscape is particularly relevant 
from the perspective of financial support for the sector. 
Interviewees made repeated reference to the way in 
which national energy subsidy schemes failed to differ-
entiate between mature technologies already well-estab-
lished in the market (such as offshore wind) and emerging 
technologies. In the specific context of small-scale com-
munity-based initiatives, one Canadian respondent com-
mented: “it really needs the provincial government to 
make a commitment and say that we want to fund small 
scale to develop and decentralize the systems”.
Feed-in-Tariff (FiT) schemes (in which the producers 
of electricity are awarded a fixed price per kWh of 
energy produced) were identified as crucial in assisting 
small-scale projects. However, these can be centralised 
and inflexible, as noted by a Welsh respondent: “the FiT 
scheme is national policy and there is no option in each 
country to establish its own”. In the UK, a recent closure 
of the FiT scheme to new generating capacity created “a 
barrier for the advancement of the sector which strug-
gles to balance its absence”. Nova Scotia introduced a 
targeted Community Feed-In Tariff (COMFIT), which 
was perceived by Canadian interviewees to benefit com-
munity-owned developments. However, “the COMFIT 
program lasted for a couple of years but then it has been 
recently cancelled, because it was oversubscribed and 
most of it was because of onshore wind. There isn’t any 
more COMFIT available for tidal”.
Devolved governments in the UK have the power to 
provide alternative financial support for emerging 
energy sectors, and this is often focussed on smaller 
projects. Interviewees from community and marine 
energy associations referred to targeted financial aid 
from the Welsh European Funding Office, which has 
included investment in a Marine Energy Test Area. 
Conversely, interviewees in England noted that “there is 
no specific fund aiming for community-based renewable 
energy projects”, and “there is more and more evidence 
the projects will be successful in the UK only if they have 
access to the market which is probably one of the great-
est challenges”.
There were some positive perspectives on cost issues 
related to small-scale projects, including one developer 
who commented “I can certainly see the sense in putting 
in multiple smaller devices because the installation costs 
are so much lower it is much easier to take devices in 
and out of the water if anything goes wrong. The actual 
capital expenditure of the devices is significantly lower, 
so there is a lot of benefit in that approach as well.” 
However, others expressed doubt: “it’s challenging to 
identify how we can decrease the levelised cost of 
energy, because of all the construction and the huge 
installation costs”. A Canadian interviewee commented 
that “developers have pulled out of small-scale marine 
energy projects, as there is no return on investment for 
putting a device in the water.”
3.4. Wider regulatory and governance issues
Environmental compliance was described as a barrier 
for technology developers, with the associated economic 
burden (as a proportion of the project costs) perceived to 
be particularly significant for small-scale communi-
ty-based projects. All interviewees from environmental 
agencies in England confirmed that they charge fees for 
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discretionary advice, as part of their institutional require-
ments to seek income streams. They are aware that this 
might exclude communities from early engagement with 
the environmental screening process. “We charge for 
these types of projects and I think it will put some people 
off, and certainly these small projects where the money 
is tighter and they don’t have the background in marine 
licensing or any other type of consenting.”
Respondents from the industry and academic sectors 
considered the Environmental Impact Assessment (EIA) 
process to be rigorous, detailed and complex, with a 
high information burden but lacking specific guidance. 
However, regulators disagreed with this perception 
stressing that “smaller-scale projects may have smaller 
environmental impacts and the level of evidence required 
for this type of projects is less compared to large-scale 
projects.” One project developer confirmed this: “if you 
have one device and it is in an area that it is not consid-
ered as environmentally sensitive, in theory, you would 
get a consenting process quite quickly.”
The current approach in Scotland is perceived posi-
tively. One developer commented, “[Marine Scotland] 
look at the size of the project and the environmental risks 
that are specific to that project. After acknowledging 
that, they can use that to guide you on how much info 
you must provide, thus supporting the application.” 
Like Scotland, in Canada “The principle that has been 
used is adaptive management”. The role of Strategic 
Environmental Assessment was also raised in both 
Canada and Scotland, again as offering an approach 
where the key risks were identified in advance, making 
it easier to deploy devices as developments progressed. 
A member of an environmental agency in England sim-
ilarly noted, “You can’t put the burden to one developer 
to sort out all the uncertainties for the whole industry. 
We try to work with the developers especially at the 
small scale as much as possible.”
In the UK, the owner of the majority of the seabed is 
the Crown Estate, which has both a stewardship and 
commercial role. One participant expressed the opinion 
that economic profit was a strong motivator for the 
Crown Estate in issuing leases, and that community 
enterprises and small-scale projects are riskier preposi-
tions than commercial projects with more certain eco-
nomic results. Interviewees further identified the 
challenge for community groups of competing against 
large developers of commercial projects, although “The 
leasing rounds favoured legitimate (big) developers with 
large-scale proposals, but in 2015 the Crown Estate 
changed approach and initiated a new programme of 
leasing for smaller-scale marine energy projects”.
Other leasing models may also improve opportunities 
for community projects. Interviewees described the pro-
cess in Canada, where the leasing authority has certain 
socio-economic criteria for providing the lease contract, 
including requirements for utilizing the local supply 
chain and engaging local communities as much as pos-
sible, while in parallel providing proof of public consul-
tation and wide stakeholder engagement. Technology 
developers thus make partnerships with community 
organizations and local authorities to ensure social 
engagement and local benefits.
3.5. Key players and motives, including the role of 
local government
Interviewees commented more widely on how key 
actors are trying to engage and involve communities in 
decision-making processes. As one technology devel-
oper noted “there are opportunities for local planning 
policy to be more favourable to [projects that are] com-
munity led or with community involvement”. However, 
respondents also identified the challenges faced by com-
munity organisations in the progression of marine 
energy initiatives due to lack of expertise, knowledge, 
and access to funding, particularly in the initial stages of 
a project. A range of organisations were identified that 
have been established (often by local authorities but also 
by the renewables industry) with mandates to support 
community projects, marine energy specifically or 
renewable energy more generally. The role of these 
agencies includes establishing partnerships and provid-
ing facilitation, linking communities with funding 
streams, and serving as a ‘one stop shop’ for licensing 
support.
Specific examples of cooperation between commu-
nity groups and other actors include the DanWec wave 
energy test centre in Denmark, which “came into place 
after a co-operation with a university, the local authori-
ties, the local community and local companies operating 
in the harbour”. This strategy of promoting and devel-
oping partnerships exists elsewhere including Canada 
and in Wales, where “win-win” partnerships exist with 
technology developers assuming responsibility for con-
senting and licensing processes, while community 
groups assist with stakeholder engagement and local 
supply chain management.
Several interviewees reflected on the ways in which 
local authorities can be instrumental and even pivotal in 
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establishing a favourable environment that makes marine 
energy projects more attractive and feasible. In Wales, 
the local government played a crucial role in getting 
community-based projects off the ground by providing 
financial support for early stage feasibility studies. 
Local authority motivation (as perceived by respondents 
in Scotland and Denmark) is often around economic 
development, and they further recognise the benefits of 
building infrastructure that could be utilized both by the 
marine energy sector and other industries such as fish-
ing. Local development plans were explicitly high-
lighted as a key opportunity for addressing the challenge 
of balancing the needs and concerns of existing sea users 
with a marine energy agenda. However, local policies 
that could benefit marine energy often require support 
from national governments:  “It would be very hard for 
the local government to write a policy which is in oppo-
sition from what the national policy says”; “You have 
got to get everything lined up”.
3.6. Public attitudes to ownership of, and investment 
in, local tidal schemes
Overall, 78% of respondents to the public survey stated 
that would be likely or very likely to support a local tidal 
energy development. Factors influencing this level of 
support (beyond those related to ownership and invest-
ment) are discussed in [25]. The likelihood that an indi-
vidual would support a tidal development varied 
according to the ownership of the scheme. Levels of 
support were maintained for projects owned by the 
national government (81%) or local communities (79%), 
but declined for turbine manufacturers (72%), local 
councils (71%) and, particularly, for large energy com-
panies (63%). Participants who initially stated that they 
would oppose a tidal scheme were asked if their decision 
would change depending on who owned the project, and 
13% agreed that this could affect their objections to the 
proposal.
Nearly a quarter of respondents stated that they would 
probably or definitely consider investing in a tidal 
energy development in their local area. Of those respon-
dents, only 28% had invested in community projects 
before. This increase may suggest particular motivation 
related to tidal energy, but is perhaps more likely to rep-
resent a bias due to the presence of the interviewer. 
Stated willingness to invest also varied depending on 
what type of organisation initiated the project. In keep-
ing with their overall preferences for ownership of tidal 
schemes, 16% would consider investing in a tidal proj-
ect initiated by the UK government or their local com-
munity; 13% in those managed by their local council or 
the turbine developer; and 11% by a large energy 
 company. 
When the motivations for members of the public to 
invest in community tidal energy projects were explored, 
54% agreed or strongly agreed with the statement “I 
would only invest in a community tidal energy project if 
I was sure I would get a good financial return.” Sixty 
two percent agreed/strongly agreed that “The financial 
return on my investment would be less important to me 
than knowing I am supporting a project that is trying to 
reduce the use of fossil fuels”, and 58% that “The finan-
cial return on my investment would be less important to 
me than knowing I am supporting a community project.”
4. Discussion
The stakeholder interviews highlighted the important 
role of national governments (also provincial and 
devolved administrations) in providing the overarching 
framework for the development of marine energy, 
including the availability subsidies and policies such as 
marine spatial planning, but also in signalling high-level 
support for the industry. The situation in Canada, Wales, 
and Scotland, where this support has been more apparent 
and greater progress is being made in the deployment of 
devices, contrasts with that of England and Denmark. 
The international policy context is important even to 
local projects, as developers stage the location and 
timing of their investments depending on favourable 
jurisdictional conditions [26]. Stability of policy support 
is also a factor, with the consistent support for larger 
developments in the Canadian province of Nova Scotia 
considered influential in their progress, and contrasted 
with the fluctuating nature of policies applied to small-
scale devices [27].
4.1. Addressing the high levelized cost of energy in 
the marine sector
A key theme that emerged from the interviews with 
technology and project developers, members of marine 
energy associations and academics was that wave and 
tidal energy cannot compete with established technolo-
gies within the current structure of energy markets and 
so subsidies are needed. New mechanisms for financing 
marine energy at the national level in the UK have been 
proposed by the marine energy industry. These include 
an Innovation Contract for Difference for utility-scale 
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projects to create a dedicated mechanism within which 
all new technologies (tidal, wave and floating wind 
amongst others) would compete with each other rather 
than with established technologies such as fixed off-
shore wind [28]. However, ensuring value for money 
and reducing consumer energy bills continues to be a 
stated aim of the UK government [29,30]. The high rel-
ative cost of tidal energy has also been cited as a reason 
why research and investment for renewable energy at 
the national level in Canada should focus on wind, solar 
and hydropower, as the cost of these known and tested 
technologies is steadily decreasing [31]. Therefore, it 
will be a significant challenge to demonstrate why new 
forms of electricity generation should be subsidised 
when issues such as energy security, climate change 
mitigation, and economic development can be addressed 
by mature technologies, which require minimal state 
support. Arguments for the wider benefits that could 
result from supporting the sector will need to be partic-
ularly convincing, especially in the UK where the indus-
try has overpromised in the past [32].
Arguments were made by developers that utility-scale 
projects are needed to impact significantly on the level-
ised cost of energy (LCOE), which echoed those in the 
existing literature [33]. However, these arguments stem 
very much from the context of a large-scale, centralised 
energy system. The dominance of such systems (and 
hence energy infrastructure and market-dependent sup-
port mechanisms that tend to favour large-scale, estab-
lished actors) are particular barriers to change [34]. The 
existence of a centralised system dominated by corpo-
rate actors is one reason why countries such as the UK 
lagged behind those including Germany (where levels of 
local ownership were high), during early deployment of 
onshore wind [35].The development path of the wind 
power sector shows the importance of a significant 
period (decades) of small-scale deployment in reaching 
the current stage of commercial deployment of large 
devices and arrays. Wind turbines of 8MW are now 
commercially available, but in 1991 the average size of 
turbines was 224kW, and in 2001 this had only increased 
to 1MW [3].
Furthermore, the device itself represents 33% of the 
project cost for tidal energy (just over 50% for wave) 
[36] so reducing the costs associated with installation, 
operation and maintenance, and decommissioning has 
the potential to impact substantially on LCOE. Marine 
energy costs also link to device design, with significantly 
lower operating costs for surface-piercing and, 
 particularly, floating tidal devices due to the opportuni-
ties for in-situ maintenance and reduced vessel require-
ments [37]. Even modest changes in annual energy 
production can result in a significant decrease in LCOE, 
through improved reliability and availability of device 
components [37]. Thus, it remains that the key to reduc-
ing LCOE is to deploy more devices, providing the nec-
essary volume, experience, and innovation needed to 
reduce capital and operating costs [36]. Small devices 
remain essential to this process, as learning-driven cost 
reduction is achieved quickly with smaller capacity per 
unit [33]. Continued experience will also improve access 
to finance, by increasing understanding of risks [3].
4.2. Financing mechanisms for small-scale and 
community initiatives
Community energy representatives made less reference 
to the need for national subsidies, reflecting the alterna-
tive financial mechanisms available to smaller-scale 
projects. Respondents did, however, note how regional 
authorities have played a significant role in providing 
both a supportive policy environment and discretionary 
finance. There is some evidence that the active support 
given to the industry by devolved administrations and 
local authorities has drawn significant investment into 
local economies, even at the small scale of current tidal 
energy development. Direct investment of £46.8 million 
has been made into the Welsh economy by tidal stream 
energy developers to date, an increase of £17.4 million 
since 2017 [38]. For Scotland, it was further noted that 
even though major investment in consenting, construc-
tion and installation was short term, there would still be 
longer term positive impacts on the wider economy par-
ticularly where the expenditure was made locally [39].
In Scotland and Wales, schemes such as Scotland’s 
Community and Renewable Energy Scheme and the 
Welsh Government Energy Service provide access to 
public funding and expertise for communities, with a 
particular focus on the early stages of project develop-
ment, and have both supported small-scale community 
tidal projects [40,41]. However, interviewees high-
lighted how the removal of dedicated public financing 
for community projects can have significant negative 
consequences. England has seen a steep decline in the 
formation of community energy groups since feed-in 
tariffs and tax incentives were removed in 2015 [42].
Innovation Power Purchase Agreements (iPPAs) have 
recently been suggested as a mechanism for supporting 
smaller projects up to 5MW in the UK [28]. iPPAs 
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would allow marine energy developers to sell their 
energy at above market rate, with the buyers of the 
energy (for example energy suppliers or large corpora-
tions) receiving tax rebates or credits for the difference 
between the cost of the energy and the market price [28]. 
Marine projects could therefore be financed without the 
need to pass on costs to household consumers. PPAs for 
marine energy are not themselves new and have already 
been used in Canada to support development of the tidal 
industry in Nova Scotia [43,44].
Investment from private individuals and organisa-
tions also has a role to play. Communities can be seen as 
relatively high risk by mainstream lenders, making it 
difficult for them to secure affordable loan rates [42]. 
Support from the public sector (via local authorities) 
remains crucial, as access to finance by community 
groups becomes easier once initial local investment cap-
ital has been secured. In Denmark, for example, some 
community schemes like district heating are provided 
with low-interest loans backed by public guarantees 
[45]. After obtaining financing from sources including 
the Scottish Government, one tidal energy company 
recently secured a further £7 million through a crowd-
funding initiative [46]. This model has the potential to 
be particularly applicable for community marine energy 
projects as it allows for small contributions from indi-
viduals and can draw on place-based motivations. 
Investors in Scotland, where the tidal turbine manufac-
turer is based, contributed on average 50% more than 
other supporters [46]. The outcome of the questionnaires 
with members of the public provides further evidence of 
the willingness of local people to consider investing in 
tidal projects.
Previous research shows that energy cooperatives 
have a different ownership model to conventional busi-
nesses, and the maximisation of return on capital may 
not be a key objective [45], which is supported by the 
findings of this study. This is potentially significant in 
situations where initial grant funding would be neces-
sary for projects that would otherwise be unprofitable, as 
has been the case in some examples of small-scale hydro 
schemes [47]. Also, community groups are motivated to 
establish energy projects for a wide range of reasons 
including climate change mitigation, contributing to 
local economic regeneration, and ideas of local auton-
omy, community empowerment, or the democratisation 
of control over the energy system [48]. The increase in 
the number of ‘ethical’ finance companies and products 
has improved the opportunities for small-scale commu-
nity energy projects [48]. It has also been suggested that, 
for Wales, local government pension funds should divest 
from fossil fuels and instead support local renewable 
energy projects [49]. Support mechanisms such as the 
development of new instruments and the reallocation of 
existing investments require substantial momentum 
within the financial services industry to effect signifi-
cant change. There is some evidence of the latter, with 
the analysis of environmental, social and governance 
factors becoming more common in investment decisions 
[50]. Community initiatives will, however, still need to 
demonstrate financial feasibility [42].
Access to market was identified by developers as a 
further challenge for the industry. Markets may be dif-
ferent for small- and utility-scale devices, which affects 
the relative cost competitiveness. For example, in 
remote locations relying on oil-based generators elec-
tricity costs are high and so there is the potential for 
marine energy to be competitive and to provide a return 
on investment even with little subsidy [3]. In Canada, 
there is a large market for small-scale and off-grid com-
munity schemes, and a growing number of tidal devel-
opers are involved in these projects, including in 
Northern Canada despite the particular challenges pre-
sented by harsh climatic conditions [36]. The United 
States (particularly Alaska) and island states in Asia are 
two examples of the wider global demand for smaller 
technologies to supply remote, off-grid communities 
[36], and a recent prediction was made that the potential 
marine energy export market will be worth £7 billion by 
2050 [38].
Again, there are parallels with the development of the 
onshore wind sector. Despite the availability of large 
devices, there remains a substantial market for small and 
medium-sized wind turbines (up to 500kW). In the UK, 
over 2,200 devices were installed locally in 2014 and a 
further 2,600 exported [51]. However, as has tended to 
be the case across the renewable energy sector, the 
industry contracted following changes to Feed-In-
Tariffs. Globally, growth in the sector nonetheless con-
tinued as new international markets emerged, and 
demand for off-grid solutions in remote rural areas was 
sustained [52].
4.3. The wider regulatory landscape
Industry bodies have called for a straightforward, clear, 
consistent and affordable environmental consenting pro-
cess that takes account of, and responds proportionately 
to, the size and context of individual projects and 
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 supports the timely deployment of devices, particularly 
those of a smaller scale [3,36]. Developers interviewed 
in this study similarly continued to assert that statutory 
requirements for environmental compliance may act as 
a barrier to even small-scale devices. However, this was 
disputed by other participants who noted that significant 
steps have been taken (particularly in Scotland and 
Canada) to develop frameworks for proportionate con-
senting and to increase focus on adaptive management 
and data gathering (with significant investment in envi-
ronmental monitoring) in order to narrow down the 
crucial risk factors. A key factor in addressing risk is to 
reduce uncertainty around environmental impacts, but 
this remains high because too few devices have yet been 
deployed for sufficient continuous periods [29]. 
Increasing the number of installations is therefore funda-
mental to understanding the interactions between devices 
and marine wildlife [3], and will be supported by the 
deployment of small-scale devices.
Project developments take place within the wider 
framework of marine spatial planning and also of strate-
gic environmental assessment, which can have a signif-
icant influence on how the governance of new industries 
evolves [53]. The sectoral marine plan for tidal energy in 
Scotland has been highlighted as offering best practice 
in its provision of a strategic siting process within a clear 
regulatory regime, which supported the implementation 
of tidal energy [54]. However, the effectiveness of stra-
tegic environmental assessment in Canada has been 
limited due to its often ad hoc nature, the lack of man-
datory provision for public engagement, and disconnec-
tion from larger, formal systems of integrated policy, 
planning and decision making [55].
4.4. Additional benefits of community involvement
Interviewees across the UK, Canada and Denmark 
referred to the positives of working in partnership with 
local communities, which included benefits to the devel-
opers of a favourable planning environment, and 
improved stakeholder engagement and supply chain 
management. Partnership working also supports the 
community participants, as they may lack the in-house 
expertise to conduct feasibility studies, work through the 
planning process, and scope financing options [42]. This 
may be a particular problem for community groups 
without existing renewables schemes that are consider-
ing marine energy projects. New entrants face consider-
ably greater barriers than those already engaged in the 
sector [42].
Community involvement also has the potential to 
address issues of equity and justice within the energy 
system, which have been the subject of recent attention 
in the UK. The Welsh Government is seeking to ensure 
that local areas benefit from the process of cutting 
carbon emissions [56] and has established a target of 1 
GW of locally-owned renewable energy capacity in 
Wales by 2030 [57]. Others have gone further and pro-
posed that by 2020 all new renewable energy projects 
in Wales with a capacity greater than 5 MW should 
have between 5% and 33% community and local own-
ership, suggesting that this could be funded by business 
rate [tax] relief on the proportion of the project owned 
by the community [49]. Local ownership has also 
gained some interest in Denmark as a motivating factor 
for wind power developments to ensure a better geo-
graphical balance between revenues and perceived 
environmental impacts [14,58], but also from the per-
spective of better integration into local smart energy 
systems [59]. Broadly, it is to be expected that the inter-
ests of community groups would be a better fit to 
small-, rather than utility-, scale projects, although this 
may not always be the case. In seeking to set up a 
marine energy hub to benefit the local economy, a 
social enterprise working in North Wales has obtained 
the lease agreement for the West of Anglesey 
Demonstration Zone which has the potential to deliver 
up to 100MW of tidal energy [60].
Ownership may also be a factor in public acceptabil-
ity of tidal projects. Denmark’s position as a leader in 
wind energy manufacturing and development has been 
attributed to the role of local and cooperative ownership 
of early wind farm projects, while the more recent shift 
to developer-led projects has seen a concurrent increase 
in public opposition [61]. Similarly, community owner-
ship or co-ownership was associated with positive atti-
tudes to wind farms in Scotland and Germany [62,63]. 
Respondents in this study showed a similar preference 
for community projects, although also for national-
ly-owned tidal developments – perhaps this engenders a 
feeling of ownership or reflects support for a wider rena-
tionalisation agenda. The particular distrust shown by 
respondents towards developer ownership may reflect 
similar attitudes to those expressed for other renewables, 
with developers perceived as being motivated by profit 
and lacking any real interest in local people [64].
The potential role of the wider public in the develop-
ment of the marine energy sector is often overlooked. 
Decision-makers respond to their constituents, and, as 
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has been observed for onshore wind in Germany, when 
large numbers of people become actively involved with 
a renewable energy technology this enlarges the lobby 
advocating that technology at both local and national 
level [35]. The level of public knowledge of marine 
energy is, however, limited; 5.9%, 6.5% and 14.8% of a 
UK-wide sample of 1000 respondents reported that they 
had never heard of, respectively, tidal current, wave, and 
tidal lagoon power, more than for any other renewable 
energy sector including biomass [65]. Similarly, three 
quarters of people sampled in North Devon and Somerset 
described themselves as either not at all, or not very 
well, informed about tidal energy [66]. The development 
of small-scale, community-based marine energy projects 
provides the opportunity for the public to have first-hand 
experience, which will raise awareness of the advan-
tages of these technologies, and, potentially, the level of 
advocacy for them.
5. Conclusions
The lack of both policy support and financial subsidy 
from national governments continue to be cited across 
stakeholder groups and countries as key barriers to the 
development of the marine renewable energy industry. 
Opinions are mixed on the role of small projects in 
reducing the levelised cost of tidal energy, but they do 
provide options for novel financing mechanisms, and 
there is public interest in investment in local initiatives. 
A market for smaller turbines exists (beyond their role in 
the staged development of utility-scale devices) particu-
larly for remote, off-grid communities. Investment by 
local authorities remains key to attracting wider financ-
ing, and the removal of dedicated support for local proj-
ects has had significant impacts on community energy 
groups.
Developers retain the view that current processes for 
environmental impact assessment can present a signifi-
cant hurdle for small projects, but progress (particularly 
in Scotland) on proportionate assessment, and in leasing, 
has improved opportunities for community-scale 
schemes. However, marine spatial planning has not yet 
fulfilled its potential as a tool in the strategic develop-
ment of the sector. Multi-actor partnerships present a 
positive way forward, and ownership models may also 
have a bearing on public acceptability of new develop-
ments. Finally, community ownership and public partic-
ipation have the potential to increase advocacy for the 
wider industry.
Further research is required to understand in detail the 
potential ownership and financing models for small-
scale marine energy projects, and how they integrate 
with wider green financing opportunities and the envi-
ronmental, social and governance drivers for corporate 
investment, as well as the opportunities for local, spatial 
planning that identifies sites of low environmental risk.
6. Acknowledgments
We are extremely grateful to all the interviewees for 
giving up their time to take part in this research and for 
their considered and comprehensive responses. This 
work was supported by the Natural Environment 
Research Council through the Addressing Valuation of 
Energy and Nature Together programme (ADVENT, 
NE/M019640/1). Further support from the Erasmus+ 
student mobility (traineeship) grant was awarded to the 
lead author via the International Office of Aalborg 
University. We appreciate being included in this IJSEPM 
special issue of Energy System Sustainability[67]
References
[1] REN21 Secretariat. Renewables 2019 Global Status Report. 
Paris: REN21 Secretariat: 2019.
[2] Magagna D, Uihlein A. Ocean energy development in Europe : 
Current status and future perspectives. Int J Mar Energy 
2015;11:84–104. http://doi.org/10.1016/j.ijome.2015.05.001.
[3] Ocean Energy Forum. Ocean Energy Strategic Roadmap 2016: 
Building Ocean Energy for Europe 2016:74.
[4] European Commission. Report on the Blue Growth Strategy: 
Towards more sustainable growth and jobs in the blue economy. 
SWD/2017/128 Final 2017:1–62.
[5] Østergaard PA, Duic N, Noorollahi Y, Kalogirou S, Mikulcic H, 
Kalogirou S. Sustainable development using renewable energy 
technology. Renew Energy 2020;146:2430–7. http://doi.
org/10.1016/j.renene.2019.08.094.
[6] Østergaard PA, Duic N, Noorollahi Y, Kalogirou S. Latest 
progress in Sustainable Development using renewable energy 
technology. Renew Energy 2020;162. http://doi.org/10.1016/j.
renene.2020.09.124.
[7] Østergaard PA, Duic N, Noorollahi Y, Kalogirou SA. Recent 
advances in renewable energy technology for the energy 
transition. Renew Energy 2021;179:877–84. http://doi.org/
https://doi.org/10.1016/j.renene.2021.07.111.
[8] Connolly D, Lund H, Mathiesen BV. Smart Energy Europe: 
The technical and economic impact of one potential 100% 
renewable energy scenario for the European Union. 
164 International Journal of Sustainable Energy Planning and Management Vol. 32 2021
The role of small-scale and community-based projects in future development of the marine energy sector
Renew Sustain Energy Rev 2016;60:1634–53. http://doi.
org/10.1016/j.rser.2016.02.025.
[9] Ozkop E, Altas IH. Control, power and electrical components 
in wave energy conversion systems: A review of the 
technologies. Renew Sustain Energy Rev 2017;67:106–15. 
http://doi.org/10.1016/j.rser.2016.09.012.
[10] Bastidas-Salamanca M, Rueda-Bayona JG. Pre-feasibility 
assessment for identifying locations of new offshore wind 
projects in the Colombian Caribbean. Int J Sustain Energy Plan 
Manag 2021;32. http://doi.org/10.5278/ijsepm.6710.
[11] Ruano-Chamorro C, Castilla JC, Gelcich S. Human dimensions 
of marine hydrokinetic energies: Current knowledge and 
research gaps. Renew Sustain Energy Rev 2017:1–11. http://
doi.org/10.1016/j.rser.2017.07.023.
[12] O’Hagan AM, Huertas C, O’Callaghan J, Greaves D. Wave 
energy in Europe: Views on experiences and progress to date. 
Int J Mar Energy 2016;14:180–97. http://doi.org/10.1016/j.
ijome.2015.09.001.
[13] Wright G, O’Hagan AM, de Groot J, Leroy Y, Soininen N, 
Salcido R, et al. Establishing a legal research agenda for ocean 
energy. Mar Policy 2016;63:126–34. http://doi.org/10.1016/j.
marpol.2015.09.030.
[14] Hvelplund F, Østergaard PA, Meyer NI. Incentives and barriers 
for wind power expansion and system integration in Denmark. 
Energy Policy 2017;107. http://doi.org/10.1016/j.
enpol.2017.05.009.
[15] Lange M, O’Hagan AM, Devoy RRN, Le Tissier M, Cummins 
V. Governance barriers to sustainable energy transitions – 
Assessing Ireland’s capacity towards marine energy futures. 
Energy Policy 2018;113:623–32. http://doi.org/https://doi.
org/10.1016/j.enpol.2017.11.020.
[16] Lange M, Page G, Cummins V. Governance challenges of 
marine renewable energy developments in the U.S. – Creating 
the enabling conditions for successful project development. 
Mar Policy 2018;90:37–46. http://doi.org/https://doi.
org/10.1016/j.marpol.2018.01.008.
[17] Wright G. Marine governance in an industrialised ocean: A case 
study of the emerging marine renewable energy industry. Mar 
Policy 2015;52:77–84. http://doi.org/https://doi.org/10.1016/j.
marpol.2014.10.021.
[18] Wright G. Regulating wave and tidal energy: An industry 
perspective on the Scottish marine governance framework. Mar 
Policy 2016;65:115–26. http://doi.org/https://doi.org/10.1016/j.
marpol.2015.12.014.
[19] Magnani N, Osti G. Does civil society matter? Challenges and 
strategies of grassroots initiatives in Italy’s energy transition. 
Energy Res Soc Sci 2016;13:148–57. http://doi.org/10.1016/j.
erss.2015.12.012.
[20] Arentsen M, Bellekom S. Power to the people: local energy 
initiatives as seedbeds of innovation? Energy Sustain Soc 
2014;4:2. http://doi.org/10.1186/2192-0567-4-2.
[21] Lammers I, Diestelmeier L. Experimenting with law and 
governance for decentralized electricity systems: Adjusting 
regulation to reality? Sustain 2017;9. http://doi.org/10.3390/
su9020212.
[22] Mey F, Diesendorf M, MacGill I. Can local government play a 
greater role for community renewable energy? A case study 
from Australia. Energy Res Soc Sci 2016;21:33–43. http://doi.
org/10.1016/j.erss.2016.06.019.
[23] Sperling K. How does a pioneer community energy project 
succeed in practice? The case of the Samsø Renewable Energy 
Island. Renew Sustain Energy Rev 2017;71. http://doi.
org/10.1016/j.rser.2016.12.116.
[24] Nielsen SN, Jørgensen SE. Sustainability analysis of a society 
based on exergy studies – a case study of the island of Samsø 
(Denmark). J Clean Prod 2015;96:12–29. http://doi.
org/10.1016/J.JCLEPRO.2014.08.035.
[25] Hooper T, Hattam C, Edwards-Jones A, Beaumont N. Public 
perceptions of tidal energy: Can you predict social acceptability 
across coastal communities in England? Mar Policy 2020;119. 
http://doi.org/10.1016/j.marpol.2020.104057.
[26] MacDougall SL. Confronting the financing impasse: Risk 
management through internationally staged investments in tidal 
energy development. Int J Mar Energy 2017;18:78–87. http://
doi.org/10.1016/j.ijome.2017.03.002.
[27] Carlson JT, Adams M. Assessing the consistency of in-stream 
tidal energy development policy in Nova Scotia, Canada. Mar 
Policy 2020;113. http://doi.org/10.1016/j.marpol.2019.103743.
[28] Council ME. UK Marine Energy 2019. A New Industry 2019. 
https://www.scottishrenewables.com/assets/000/000/427/uk_
marine_energy_2019_original.pdf?1579622626.
[29] Department of Energy & Climate Change. Review of the 
Feed-in Tariffs Scheme Government Response 17 December 
2015 2015:1–114.
[30] Department for Business Energy & Industrial Strategy. 
Contracts for difference scheme for renewable electricity 
generation. Government response to consultation on proposed 
amendments to the scheme - Part A - 2018.
[31] Barrington-Leigh C, Ouliaris M. The renewable energy 
landscape in Canada: A spatial analysis. Renew Sustain Energy 
Rev 2017;75:809–19. http://doi.org/10.1016/j.rser.2016.11.061.
[32] European Commission. Study on Lessons for Ocean Energy 
Development 2017. http://publications.europa.eu/resource/
cellar/03c9b48d-66af-11e7-b2f2-01aa75ed71a1.0001.01/
DOC_1.
[33] Smart G, Noonan M. Tidal Stream and Wave Energy Cost 
Reduction and Industrial Benefit. Summary Analysis. Offshore 
International Journal of Sustainable Energy Planning and Management Vol. 32 2021  165
Nikolaos Proimakis, Tara Hooper and Poul Alberg Østergaard
Renewable Energy Catapult report 2018. http://www.
marineenergywales.co.uk/wp-content/uploads/2018/05/ORE-
Catapult-Tidal-Stream-and-Wave-Energy-Cost-Reduction-and-
Ind-Benefit-FINAL-v03.02.pdf.
[34] Bauwens T, Gotchev B, Holstenkamp L. What drives the 
development of community energy in Europe? the case of wind 
power cooperatives. Energy Res Soc Sci 2016;13:136–47. 
http://doi.org/10.1016/j.erss.2015.12.016.
[35] Toke D, Breukers S, Wolsink M. Wind power deployment 
outcomes : How can we account for the differences ? 2008. 
http://doi.org/10.1016/j.rser.2006.10.021.
[36] Marine Renewables Canada. Marine Renewable Energy in 
Canada 2018 State Of The Sector Report 2018:1–78.
[37] de Andres A, MacGillivray A, Roberts O, Guanche R, Jeffrey 
H. Beyond LCOE: A study of ocean energy technology 
development and deployment attractiveness. Sustain Energy 
Technol Assessments 2017;19:1–16. http://doi.org/10.1016/j.
seta.2016.11.001.
[38] Marine Energy Wales. State of the sector 2019 Economic 
benefits for Wales 2019:1–30.
[39] Allan GJ, Lecca P, McGregor PG, Swales JK. The economic 
impacts of marine energy developments: A case study from 
Scotland. Mar Policy 2014;43:122–31. http://doi.org/10.1016/j.
marpol.2013.05.003.
[40] Local Energy Scotland. Ice Plant Connection n.d. https://www.
localenergy.scot/resources/infrastructure-and-innovation-fund-
project-summaries/ice-plant-connection.
[41] Transition Bro Gwaun. Tidal Energy Project n.d. http://
transitionbrogwaun.org.uk/tidal-energy-project/.
[42] Scene Connect. Community Energy: State of the Sector 2018. 
Annual Review of Community Energy in England, Wales and 
Northern Ireland. Full report. Report prepared on behalf of 
Community Energy England and Community Energy Wales 
2018:2–44.
[43] Thumann A, Woodroof EA. Energy project financing: resources 
and strategies for success. The Fairmont Press, Inc; 2009.
[44] Ocean Energy Systems. Annual Report. An Overview of Ocean 
Energy Activities in 2018. Report by The Executive Committee 
of Ocean Energy SystemsNo Title 2018. https://report2018.
ocean-energy-systems.org/.
[45] Chittum A, Østergaard PA. How Danish communal heat 
planning empowers municipalities and benefits individual 
consumers. Energy Policy 2014;74:465–74. http://doi.
org/10.1016/j.enpol.2014.08.001.
[46] Orbital Marine Power. Abundance closes largest investment to 
date for Orbital Marine Power, raising £7 million for world’s 
most powerful tidal stream turbine. Press Release. 10 January 
2019. 2019.
[47] Hain JJ, Ault GW, Galloway SJ, Cruden A, McDonald JR. 
Additional renewable energy growth through small-scale 
community orientated energy policies. Energy Policy 
2005;33:1199–212. http://doi.org/10.1016/j.enpol.2003.11.017.
[48] Braunholtz-Speight T, Mander S, Hannon M, Hardy J, 
McLachlan, C., Manderson, E. Sharmina M. The Evolution of 
Community Energy in the UK. Report for the UK Energy 
Research Centre n.d. https://ukerc.rl.ac.uk/ucat/publications/
ukerc_wp_evolution_of_ community_energy_in_the_UK.pdf.
[49] A plan for Wales’ renewable energy future: Essential actions to 
re-energise Wales by 2035 2019. https://www.iwa.wales/
wp-content/media/2019/03/IWA_Energy_ WP6_Digital-2.pdf.
[50] van Duuren E, Plantinga A, Scholtens B. ESG Integration and 
the Investment Management Process: Fundamental Investing 
Reinvented. J Bus Ethics 2016;138:525–33. http://doi.
org/10.1007/s10551-015-2610-8.
[51] Renewable UK 2015. Small and Medium Wind UK Market 
Report 2015:1–24. https://www.renewableuk.com/
news/304391/Small-and-Medium-Wind-UK-Market-
Report-2015.htm.
[52] World Wind Energy Associate. Small Wind World Report. 2017 
summary. WWEA, Bonn, Ger 2017. https://issuu.com/
wwindea/docs/swwr2017-summary.
[53] Doelle M. Role of Strategic Environmental Assessments in 
Energy Governance: A Case Study of Tidal Energy in Nova 
Scotia’s Bay of Fundy. J Energy \& Nat Resour Law 
2009;27:112–44. http://doi.org/10.1080/02646811.2009.11435
210.
[54] Sangiuliano S, Mastrantonis S. From Scotland to New Scotland: 
Constructing a sectoral marine plan for tidal energy for Nova 
Scotia. Mar Policy 2017;84:1–11. http://doi.org/10.1016/j.
marpol.2017.06.023.
[55] Noble B, Gibson R, White L, Blakley J, Croal P, Nwanekezie 
K, et al. Effectiveness of strategic environmental assessment in 
Canada under directive-based and informal practice. Impact 
Assess Proj Apprais 2019;37:344–55. http://doi.org/10.1080/14
615517.2019.1565708.
[56] Welsh Government. Prosperity for All : The national strategy, 
Taking Wales Forward 2017:1–28.
[57] Welsh Government. Prosperity for All : economic action plan. 
2017.
[58] Hvelplund F, Möller B, Sperling K. Local ownership, smart 
energy systems and better wind power economy. Energy 
Strateg Rev 2013;1:164–70. http://doi.org/10.1016/j.
esr.2013.02.001.
[59] Hvelplund F, Djørup S. Consumer ownership, natural 
monopolies and transition to 100% renewable energy systems. 
Energy 2019;181:440–9. http://doi.org/10.1016/j.
energy.2019.05.058.
166 International Journal of Sustainable Energy Planning and Management Vol. 32 2021
The role of small-scale and community-based projects in future development of the marine energy sector
[60] Royal Haskoning DHV. Morlais Tidal Demonstration Array 
Scoping Report. Final report v1 2015. http://www.
morlaisenergy.com/wp-content/uploads/2017/03/Morlais 
ScopingReportR304464_Finalv1.1.pdf.
[61] McLaren Loring J. Wind energy planning in England, Wales 
and Denmark: Factors influencing project success. Energy 
Policy 2007;35:2648–60. http://doi.org/10.1016/j.enpol 
.2006.10.008.
[62] Warren CR, McFadyen M. Does community ownership affect 
public attitudes to wind energy? A case study from south-west 
Scotland. Land Use Policy 2010;27:204–13. http://doi.
org/10.1016/j.landusepol.2008.12.010.
[63] Musall FD, Kuik O. Local acceptance of renewable energy-A 
case study from southeast Germany. Energy Policy 2011;39. 
http://doi.org/10.1016/j.enpol.2011.03.017.
[64] Goedkoop F, Devine-Wright P. Partnership or placation? the 
role of trust and justice in the shared ownership of renewable 
energy projects. Energy Res Soc Sci 2016;17:135–46. http://
doi.org/10.1016/j.erss.2016.04.021.
[65] Hattam C, Hooper T, Beaumont N. Public Perceptions of 
Offshore Wind Farms. The Crown Estate; 2015.
[66] Hooper T. Evaluating the Costs and Benefits of Tidal Range 
Energy Generation. University of Bath, 2014.
[67] Østergaard PA, Johannsen RM, Duic N, Soares I, Ferreira PV. 
Energy System Sustainability. Int J Sustain Energy Plan Manag 
2021;32. http://doi.org/10.5278/ijsepm.6850.
